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P O U 2 ITI 



Pristroj je urcen k mereni stri'daveho napeti od 0,1 mV do 
300 V v kmitoctovem rozsahu 20 Hz az 3 MHz. Lze jej tedy 
pouzi't napr. k merem zesflem', kmitoctovych charakteristik 
apod. Meridlo prfstroje ma take stupnici v dB, takze je moz- 
ne jej pouzi't jako merice urovne — dB metru. 

Vyhodou pri'stroje je vysoky vstupm odpor, ktery dovoluje me- 
reni' i na zdroji'ch o velkem vnitrnfm odporu. 

Jako zesilovace je mozne pouzi't pri'stroje k zesilovanf stri'da- 
veho napeti' do max. kmitoctu asi 6 MHz. 



POPIS 



Milivoltmetr TESLA BM 384 sestava v podstate z katodoveho 
sledovace a ctyrstupnoveho sirokopasmoveho zesilovace, na 
jehoz vystupu je pripojen strfdavy voltmetr, v jehoz funkci je 
pouzit mikroampermetr s germaniovymi diodami, pracujfcimi 
v neuplnem Graetzove zapojenf. Merene napeti se privadf 
pres oddefovaci kondenzator na mri'zku katodoveho sledo- 
vace (na rozsazi'ch 1 — 300 mV primo, na rozsazi'ch 1 — 300 V 
pres vysokoohmovy delic 60 dB). Oddelovaci kondenzator je 
dimenzovan na 1000 V, tzn. ze soucet ss napetf a spickove 
hodnoty stri'daveho napeti nesmi pfekrocit tuto hodnotu. Za 
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APPLICATION 



This instrument is designed for the measurement of AC vol- 
tages from 0.1 mV to 300 V within the frequency range 
20 c/s to 3 Mc/s. It can be applied, for example, for ampli- 
fication and frequency response measurements, etc. The me- 
ter of the instrument is calibrated also in terms of dB, so 
that it can be applied as a level meter — dB meter. 

The advantage of this instrument is its high input resistance 
which enables the measurement also of sources of high in- 
ternal resistance. 

As an amplifier, the instrument can be applied for the am- 
plification of AC voltages up to a maximum frequency of 
approximately 6 Mc/s. 



DESCRIPTION 

The TESLA BM 384 millivoltmeter consists basically of a ca- 
thode follower and a four-stage wide-band amplifier, to the 
output of which is connected an AC voltmeter, the micro- 
ammeter of which operates in connection with germanium 
diodes in incomplete bridge connection. The voltage to be 
measured is brought over an isolating capacitor to the grid 
of the cathode follower (within the ranges 1 to 300 mV, di- 
rectly; within the ranges 1 to 300 V, over a 60 dB high-re- 
sistance divider). The isolating capacitor is rated to with- 
stand 1000 V, i. e. the total of the DC voltage and the peak 
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katodovym sledovacem je zarazen sestistupnovy nizkoohmovy 
delic odstupnovany po 10 dB, z nehoz se privadi napeti na 
vstup ctyrstupnoveho zesilovace. Prvni tri stupne pracujivbez- 
nem zapojem jako zesilovace napeti, ctvrty stupen nema blo- 
kovanou stinici mrizku a katodu a pracuje jako zesilovac 
proudu pro meridlo pnstroje. Z katody ctvrteho stupne je 
take vyvedeno napeti na vystupni zdirky, takze pnstroj muze 
byt pouzit rovnez ve funkci mericiho zesilovace. V tnstupno 
vem zesilovaci napeti je pouzito pentod v beznem zapojenf 
s castecnou korekci kmitoctove charakteristiky tlumivkami. 
Pro zvyseni stability a vyrovnani kmitoctove charakteristiky je 
zavedena z anody posledmho zesilovacfho stupne do katody 
prveho zesilovaci ho stupne kmitoctove zavisla zaporna zpet- 

na vazba, ktera zahrnuje i obvod meridla. 

Zesileni na m'zkych kmitoctech je vlivem zaporne zpetne 
vazby potlaceno asi 4X. V oblasti vyssich kmitoctu se vlivem 
natacem faze stava zpetna vazba kmitoctove zavislou, jejf pu- 
sobem se zmensuje, a tim se kompenzuje pokles zesileni na 
techto kmitoctech. Pro kalibraci zesileni je pouzito zarovko- 
veho stabilizatoru, napajeneho ze sifoveho transformatoru. 
Vystupni napeti je asi 0,9 V~ a privadi se pres delic na vstup 
katodoveho stedovace. Pro vyssi stabilitu je anodove napeti 
stabilizovano elektronicky a zhavici napeti variatory. 



4 



0 f tp, e AC must not exceed this value. Behind the cathode 
follower is a six-stage low- resistance divider stepped-up in 
10 dB steps, from which the voltage is fed to the input of 
the four-stage amplifier. The first three stages operate as a 
conventional voltage amplifier, the fourth stage, which has 
no shunted screen grid and cathode, operates as a current 
amplifier for the meter of the instrument. From the cathode 
of the fourth stage the voltage is fed to the output sockets, 
so that the instrument can be applied also as a measuring 
amplifier. In the three-stage voltage amplifier pentodes are 
employed in a conventional circuitry with partial correction 
of the frequency response curve by chokes. For raising the 
stability and for equalizing the frequency response, a fre- 
quency-dependent inverse feedback which controls also the 
meter circuit is applied from the anode of the final ampli- 
fier stage to the cathode of the first amplifier stage. The 
amplification of low frequencies is suppressed approxima- 
tely 4X by the inverse feedback. 

In the range of higher frequencies, the inverse feedback be- 
comes frequency-dependent and its effect is reduced, thus 
compensating for the amplification drop at these frequen- 
cies. For the calibration of the amplification, an incande- 
scent lamp stabilizer is employed which is powered by the 
mains transformer. The output voltage is approximately 
0.9 V AC and is connected over a divider to the input of 
the cathode follower. To improve the stability, the anode vol- 
tage is stabilized electronically and the heater voltage by 

barretters. 




Blokove schema. 



Block schematic diagram. 





Obr. 2- Fig. 2 



1 — Input 

2 — Divider 

3 — Cathode follower 

4 — Divider 

5 — 3-stage voltage amplifier 

6 — Current amplifier 



7 — Measuring instrument 

8 — Divider 

9 — Incandescent lamp stabilizer 

10 — Powering unit 

11 — Output of the measuring 

amplifier 



PRIPOJENI NA S I T 



CONNECTION TO THE MAINS 



Pred pripojemm na sit' se presvedci'me, zda je 
pristroj prepojen na spravne sifove napeti. Prepo- 
jeni se provadf kotoucem prepmace na zadni 
stene pristroje. Otacenfm sroubu uprostred ko- 
toucku volice kotouc uvolm'me, vytahneme a nato- 
cime tak, aby cfslo udavaji'a spravne sit'ove na- 
peti bylo pod trojuhelnikovou znackou. Sroub po- 
tom opet zasroubujeme a tim kotoucek zajistfme. 
Je- li kotoucek v poloze naznacene na obr. 3, je prt- 









m. 



Before connecting it to the mains it is necessary 
to make sure that the instrument has been set to 
the correct mains voltage. The setting is carried 
out by turning the disc of the switch which is on 
the back panel of the instrument. After the screw 
in the centre of the disc of this selector has been 
loosened, the disc has to be pulled out and turn- 
ed so that the number indicating the correct 
mains voltage is below the triangular mark. Then 
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stroj prepojen na napeti' 220 V. Vedle volice sit’oveho na- 
peti je sifova pojistka a sit'ova zastrcka. Pri prepojeni pri- 
stroje na jine sft'ove napeti je tfeba vymenit sit’ovou pojist- 
ku. Hodnoty pojistek pro napeti 120 V a 220 V jsou uve- 
deny v odstavci „TECHNICK£ UDAJE". 



MERENI 



Pri'stroj uvadime do cinnosti vypinacem G na predni stene, 
zapnuti signalizuje indikacni zarovka F (obr. 1). 

Po zapnuti' pristroje pockame asi 15 minut, nez se ustalf ze- 
sileni, teprve potom plati udavana presnost mereni. 

Merene napeti pripojujeme na vstupni konektor C bud' ko- 
axialnfm prfvodem (z prislusenstvf), nebo volnymi vodici, za- 
koncenymi bananky- 

Pouzijeme-li vodicu s bananky, pripojime vodic spojeny 
s kostrou mereneho objektu na uzemnovacf svorku D a druhy 
vodic na vnitrnf zdfrku vstupniho konektoru C. 

Pouziti toho ci onoho zpusobu pripojem' je treba zvlaste na 
vyssfch kmitoctech dobre uvazit vzhledem k chybam, ktere se 
mohou do mereni vnaset. Pripojeni koaxialnfm pnvodem je 
vhodne, nevadi-li jeho pomerne znacna kapacita, napr. pri 
mereni na nizsfch kmitoctech nebo na zdroji o malem vnitr- 
m'm odporu. Nem-li kapacita privodu na urcitem kmitoctu jiz 
zanedbatelna proti vnitfnimu odporu mereneho objektu, vzni- 
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the screw has to be tightened again, thus securing the 
disc. If the disc is in the position shown in Fig. 3, then the 
instrument is connected to 220 V. Next to the mains vol- 
tage selector are the mains fuse and receptacle. When 
changing the voltage setting of the instrument, the mains 
fuse has to be exchanged also. The fuse values for 120 V 
and 220 V are given in the section "TECHNICAL DATA”. 




MEASUREMENT 

The instrument is set in operation with the switch G which 
is on the front panel; switching on is indicated by the pilot 
lamp F (Fig. 1). 

After switching on the instrument, approximately 15 minutes 
must elapse to allow for amplification stabilization, in order 
to ensure accuracy of measurements as listed. 

The measuring voltage is connected to the input connector C 
either by a coaxial cable (included in the accessories), or 
by independent leads terminating in banana plugs. 

If leads with banana plugs are employed, then the one con- 
nected to the chassis of the measured object has to be con- 
nected to the earthing terminal D, and the other lead to 

the centre socket of the input connector C. 

It is essential, especially at higher frequencies, to consider 
carefully which method of connection is the more advan- 
tageous with regard to the errors which could be caused. 
Connection by a coaxial cable is advantageous if its relati- 






ka pridavna chyba. K informativmmu zjistenf, pri jakem kmi- 
toctu a jakem odporu zdroje vznika chyba 1 % jsou urceny 
diagramy na obr. 9, 10, 11 a 12. 



Priklad: men se napeti na odporovem delici v tomto zapo- 
jeni : 



10V 



100 



m 






Ri 



Obr. 4 - 






Vnitrni odpor Ri mereneho zdroje je priblizne 100 Q. a z dia- 
gram u pro rozsah napetf od 1 do 300 mV (obr. 10) zjistime, ze 
pripojenim milivoltmetru koaxialnim privodem vznika pridav- 
na chyba 1 % pri f asi 3 MHz (bod I). Obdobna chyba vznika 
take tehdy, pouzijeme-li volnych pnvodu, ovsem pri kmito- 



vely high capacitance is irrelevant, e. g. for measurements 
at lower frequencies or of sources of low internal resistan- 
ces. If the capacitance of the connecting leads at a certain 
frequency is no longer negligible with regard to the internal 
resistance of the measured object, then an additional error 
occurs. The diagrams in Figs. 9, 10, 11 and 12 give infor- 
mation about the frequencies and source resistances at 
which an error of 1 % occurs. 

Example: The voltage across a resistive divider is measured 

in the following setup: 




The internal resistance Ri of the measured source is appro- 
ximately 100 ohms. From the diagram (Fig. 10) it can be 
seen that within the voltage range 1 to 300 mV the con- 
nection of the millivoltmeter causes an additional error of 
1 % at f = approximately 3 Mc/s (point I). A similar error 
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ctech, kdy se zacfna uplatnovat vstupni kapacita samotneho 
milivoltmetru. Take v tomto pffpade je mozno z diagramu 
obr. 10 urcit kmitocet, na kterem vznika pridavna chyba 1 %■ 
(Pro nas pnklad. je to f asi 7,5 MHz, tedy doleko za me 2 nfm 
kmitoctem milivoltmetru.) — Bod II. 



Pro vyssi kmitocty se bude chyba zvetsovat podle teto orien- 
tacni tabu Iky: 



chyba 1 % pro X c = 7R 

2 % pro X c = 5R 
5 % pro X c = 3R 
10% pro X c - 2R 



1 

kde X c = ^ q je reaktance vstupni kapacity C milivoltmetru 

(prip. s koaxialmm pnvodem) na uvazovanem kmitoctu a R je 
vnitrm odpor zdroje, na nemz merime napetf. Pri mereni na 
indukcnosti prakticky netlumene obvodem zdroje (napr. je-li 
napajena pres velky odpor), roste impedance, na niz meri'me 
napetf, vlivem paralelnfho pripojenf vstupni kapacity, podle 
vztahu : 




6>L 

V-co 2 LC 



Jestlize reaktance vstupni kapacity milivoltmetru klesne na 
urcitem kmitoctu na stonasobek reaktance indukcnosti, vznik- 
ne pridavna chyba mereneho napetf 1 %. 
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occurs also when independent leads are employed, of 
course at frequencies where the input capacitance of the 
millivoltmeter itself begins to have influence. Also in this 
case can be determined from the diagram in Fig. 10 the fre- 
quency at which an additional error of 1 % occurs. (In- this 
example f = approximately 7.5 Mc/s, i. e. far beyond the 
limiting frequency of the millivoltmeter (point II). 

At higher frequencies, the error increases according to the 
following informative table: 

Error: 1 % for X c = 7R 

2 % for X c = 5R 
5 % for X e - 3R 
1 0 % for X c - 2R 

1 

where X c — £ is the reactance of the input capacitance 

C of the millivoltmeter (with coaxial cable) at the consi- 
dered frequency, and R is the internal resistance of the 
source, the voltage of which is being measured. When mea- 
surements are carried out across an inductance which is 
practically undamped by the circuitry of the source (e. g. 
if it is powered over a high resistance), then the impedance 
across which the voltage is being measured grows, owing 
to the parallel connection of the input capacitance, accord- 
ing to the relation: 

7 o) L 

f-6> 2 LC 

If the reactance of the input capacitance of the millivolt- 
meter falls at a certain frequency to a hundredth multiple 
of the reactance of the inductance, then an additional error 



Z diagramu Ize take v tomto pnpade zjistit kmitocet, na kte- 
rem je (pri dane indukcnosti) pndavna chyba 1 %. 



Priklcd : Meri se napeti na indukcnosti L = 50 pH (zapojeni 

viz na obr. 5). 



'V 



l =50 /mH 
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Chyba 1 % nastava pri pouziti koaxialniho privodu pri kmi- 
toctu 250 kHz — bod 1, pri pouziti volnych vodicu pri kmitoctu 
430 kHz - bod 2 (obr. 9). 

Pouziti volnych privodu ma vyhodu ve zmenseni vstupni ka- 

pacity, ovsem muze zpusobit vznik nekterych jinych chyb 
v mereni. 



Napr. muze nastat kapacitni (event, induktivni) vazba s ob- 
vodem, klery napaji mereny objekt, nebot’ napajeci napeti 
muze byt mnohokrat vyssi nez merene. 

Priklad : Meri se napeti na vystupu delice pri f = 3 MHz. 



of 1 % of the measured voltage is caused. In this case also 
can be determined from the diagram the frequency at which 
(at the given inductance) the additional error is 1 %• 
Example: Measurement of a voltage across an inductance 

L — 50 ^H. (The setup is given in Fig. 5.) 



3n 




- Fig. 5 

An error of 1 % occurs when a coaxial cable is employed at 
a frequency of 250 kc/s — point 1, or when independent 
leads are used at a frequency of 430 kc/s - point 2 (Fig. 9). 
The advantage of applying independent leads is in the re- 
duction of the input capacitance; however, it can cause 
certain other errors during the measurement, e. g. it can 
cause capacitive (or inductive) coupling with the circuit which 
powers the measured object, as the powering voltage can 
be many times higher than the measured one. 

Example: Measurement of a voltage over the output of a di- 
vider at f == 3 Mc/s. 
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Hh 






DSL 1C 



1 ■ 1000 



roa 



Staci parazitni kapacita Cp = 0,1 pF, aby zvysila vystupni 
napeti delice o 1 %■ 

Pri mereni na velkem odporu a pri pouziti volnych privodu je 
nutne take uvazovat vliv brumu, coz je rusive stridave napeti, 
ktere se indukuje do privodu nejcasteji ze sitoveho rozvodu 
a sklada se s merenym napetim. Brum pusobi tim vetsi obtize, 



w . / 



V v f 



cfm mensi napeti merime, 



Z uvedenych prikladu je zrejme, ze pouziti volnych privodu je 
vhodne na vyssich kmitoctech, ovsem jejich delku je treba co 

nejvice zkratit. 



Pri zapojovam do merici sestavy je treba dat pozor, aby se 
nespravnym zapojenim zemnicich vodicu nevnasel do vstup - 
nich obvodu milivoltmetru brum, zpusobeny napr. vyrovnava- 
cim proudem mezi nulovym vodicem (propojenym v sitove za- 
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A stray capacitance Cp — 0.1 pF is sufficient to raise the 
output voltage of the divider by 1 %■ When the measure- 
ment is carried out across large resistances, and when inde- 
pendent leads are employed also it is essential to take into 
account the effect of hum which is an interfering AC vol- 
tage produced in the leads usually by induction from the 
mains, and is combined with the measured voltage. The in- 
terference caused by hum is most troublesome at the lowest 

voltages measured. 

From the given example it is obvious that the application of 
independent leads is advantageous at higher frequencies, 

provided they are kept as short as possible. 

When setting up a measuring assembly, great care must be 
taken to prevent the introduction of hum into the input circuit 
of the millivoitmeter by incorrect connection of the earth 
leads. Hum can be caused, for example, by the equalizing 
current between the zero conductor (connected in the mains 





suvce na kostry pffstroju) a skutecnym nulovym potencialem 
zvlastnfho uzemnenf, ktere je nevhodne pripojeno. 

Prfklad nevhodneho zapojenf (pro merenf vystupnfho napetf 
generatoru) je naznacen na obrazku 7. 



BM 344 
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Mezi kostrou milivoltmetru a zemi tece vyrovnavacf proud i r 
ktery zpusobi' na vodici ..a" propojujicfm zemnia zdi'rky obou 
pri'stroju ubytek napetf, ktery se pri propojenf zrvych zdfrek 
superponuje na merene napetf. 

Nap?, proud 10 mA pri odporu vodice „a” 0,1 Q znamena u- 
bytek 1 mV, tj. plnou vychylku na nejcitlivejsfm rozsahu. Vtom- 



receptacle to the chassis of the instruments) and the actual 
zero potential of a separate earth connection which is un- 
suitably employed. 

An example of unsuitable connection (for the measurement 
of the output voltage of a generator) is indicated in Fig. 7. 




Between the chassis of the millivoltmeter and earth flows an 

■H- 

equalizing current i. It causes a voltage drop in the lead "a” 
which interconnects the earthing sockets of the two instru- 
ments. This drop is superimposed on the measured voltage 
when the active sockets of the instruments are intercon- 
nected. 
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to prfpade je vhodne spojit zvlastnf uzemnenr s nulovym vo- 
dicem pri'mo na sft'ovych zasuvkach- 



Pri zapojovanf je rovnez nutne dbat toho, aby zive a zemnicf 
prfvody netvorily velke smycky, do kterych by mohlo cizf mag- 
neticke pole naindukovat napetf. Doporucuje se vest zivy a 
zemnicf prfvod paralelne blfzko sebe. 



For example, a current of 10 mA at a resistance of 0.1 ohm 
of the lead "a” produces a voltage drop of 1 mV, i. e. a full- 
scale deflection of the meter when the most sensitive mea- 
suring range is employed. In this case it is advantageous to 
connect a separate earth to the zero conductors directly in . 
the mains receptacles. 

It is also essential to ensure that the active and earthing 
leads do not form large loops in which external magnetic 
fields could produce induced voltages. It is recommended to 
place the active and earthing leads in parallel close to each 
other. 



Nastaveni minima rusiveho signalu: 



Setting the minimum of the interfering signal: 



Elektronky zesilovace jsou zhaveny strfda- 
vym napetfm. Vzhledem k velke citlivosti ze- 
silovace nelze zcela zabranit tomu, aby se 
do mrizkovych obvodu elektronek neindu- 
kovalo rusive stridave napetf (brum) jednak 
ze zhavenf, jednak rozptylovym polem sit'o- 
veho transformatoru. Krome toho se jiz u- 
platnuje take sum vysokoohmovych odporu 
na vstupu prfstroje. Obe tyto slozky (brum 
a sum) tvorf rusivy signal, ktery se projevuje 
jakovychylka na meridle, i kdyz se na vstup 
milivoltmetru neprivadf zadne napetf. Pro 
nastavenf minima rusiveho signalu je na 
zadnf stene prfstroje vyveden prvek oznace- 
ny R39 (viz obr. 8). 




B/1 364 

C- . , 1 





Obr 8 - Fig. 8 



The tubes of the amplifier are heated by 
AC. With regard to the high sensitivity of 
the amplifier, it is impossible to prevent 
completely the penetration of interfering 
AC voltage (hum) into the grid circuits of 
the tubes. This interference is caused either 
by the heating, or by the stray field of the 
mains transformer. In addition, also the in- 
herent noise of the large resistors in the in- 
put circuit of the instruments becomes acti- 
ve. These two factors (hum and noise) pro- 
duce an interfering signal which appears as 
a deflection of the meter, even when there 
is no voltage connected to the input of the 
millivoltmeter. On the back panel of the in- 
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Nastavem se provadi pri stfinenem vstupm'm konektoru kovo- 
vou cepickou na rozsahu 1 mV. 

Pri vymene elektronky El nebo E2 je nutno vybrat vhodne 
elektronky, protoze ne vsechny vyhovuji pro dosazenf maleho 
rusiveho signalu. 



Pouziti ve funkci zesilovace: 

Vystupm' zdirky H zesilovace jsou na pfednim panelu. Vodice 
se pripojuji bananky, pri cemz zasunutim bananku do zive 
zdirky se odpoji obvod meridla. Kmitoctova charakteristika 
zesilovace je v rozsahu 20 Hz az 3 MHz ravna s presnosti 
— 2 dB, pokud kapacita pripojena na vystupm' zdirky neni 
vetsi nez 40 pF. S mensi presnosti Ize zesilovace pouzit pro 
zesilovanr stridavych napeti az do kmitoctu 6 MHz. 



Pouziti ve funkci mefice urovne (dB-metru): 

Pristroj je opatren stupnici v dB, ktera umoznuje prime pro- 
merovani kmitoctovych charakteristik v dB. Nulova uroven je 
definovana jako vykon 1 mW na odporu 600 Q, tj. 0,774 V. 
Ovsem ,,0 dB M je mozno nastavit na kteremkoliv rozsahu a 



strument is a control marked R39 (see Fig. 8) for setting the 
minimum of the interfering signal. 

The setting has to be carried out with the input connector 
screened by a metal cap and with the instrument set to the 
range 1 mV. 

When exchanging the tube El or E2, it is essential to select 
it carefully, as all tubes of this type are not suitable for the 
achievement of the lowest possible interfering signal. 

Application as an amplifier: 

The output sockets H of the amplifier are on the front panel. 
The employed leads have to terminate in banana plugs, as 
when such a plug is inserted into the active socket, the cir- 
cuit of the meter is automatically disconnected. The fre- 
quency response of the amplifier is essentially flat from 20 c/s 
to 3 Mc/s within ± 2 dB, provided the capacitance which is 
connected to the output sockets is not larger than 40 pF. 
With a smaller degree of accuracy, the amplifier can be used 
for the amplification of AC voltages at frequencies up to 
6 Mc/s. 

Application as a level meter (dB meter): 

The instrument is provided with a dB scale which enables the 
direct measurement of frequency response in terms of dB, 
The zero level is determined as a power of 1 mW across a 
resistance of 600 ohms, i. e. 0.774 V. Of course "0 dB" can be 
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pri mereni srovnavat s touto urovni. Nastaveni ,,0 dB" se pro- 
vadi zmenou napetf na promerovanem objektu. 



Kalibrace pristroje; 

Milivoltmetr je cejchovan ve vyrobnfm zav ode podle pres- 
nych laboratornfch prfstroju. Kratkodoba i dlouhodoba sta- 
lost se dosahuje zavedenou negativnf vazbou a stabilizacf 
napajecfch napetf. Presto nenf mozne v plnem rozsahu vy- 
loucit vliv stornvtf elektronek a je treba cas od casu kontro- 
lovat presnost milivoltmetru. 

Kalibrace se provadf vestavenym zdrojem kalibracnfho na- 
petf 50 Hz prepnutfm funkcnfho prepfnace B do polohy J( K" 
pri stfnenem vstupn/m konektoru. 

Vychylka meridla prfstroje ma byt na cervene kalibracnf 
znacce, jinak je nutno ji dostavit potenciometrem K, umfste- 
nym na prednfm panelu prfstroje. Kalibraci Ize provadet na 
libovolnem z rozsahu 1 V — 300 V. 



Rovnez pri zmene sft'oveho napetf je vhodne prekalibrovat 
pffstroj, abychom vyloucili prfdavnou chybu, ktera je maxi- 
malne ± 3% znnene sft'oveho napetf o 10%. 



Kmitoctova zavislost vychylky. 



Germaniove diody vykazujf kmitoctovou 
menf s velikostf usmernovaneho napetf. 



zavislost, ktera se 
Vyrovnanf teto za- 



set in any range and during the measurement employed for 
comparison. The*setting "0 dB M is carried out by changing 
the voltage on the measured object. 

Calibration of the instrument: 

The millivoltmeter is calibrated by the makers by the use of 
precise laboratory instruments. Transitory and long-term sta- 
bility is achieved by the application of inverse feedback and 
by the use of stabilized powering voltages. However, it is im- 
possible to prevent completely the effect of tube ageing, and 

from time to time it is necessary to check the accuracy of the 
millivoltmeter. 

The calibration is carried out with the built-in calibrating 
voltage source of 50 c/s by setting the performance switch B 
to the position "K’* whilst the input connector is screened. 

The needle of the meter of the instrument must swing to the 
red calibration mark, otherwise it will be necessary to adjust 
the potentiometer K which is on the front panel of the in- 
strument. The calibration can be carried out with the instru- 
ment set to any of the ranges 1 V to 300 V. 

Also when the mains voltage setting of the instrument is 
changed it is recommended to recalibrate the instrument, so 
as to eliminate an additional error which is maximum ± 3 % 
at± 10% mains voltage changes. 

Frequency dependence of the deflection. 

The germanium diodes are frequency-dependent. This de- 
pendence changes according to the magnitude of the recti- 
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vislosti je mozno provest jen pro urcita napeti — v mil ivolt- 
metru je provedeno pro plnou vychylku meridfa. Pri men- 
sich vychylkach se tedy uplatnuje kmitoctova zavislost ger- 
maniovych diod a pro presnejsf mereni je nutno provest ko- 
rekci odecftanych hod not podle grafu na obr. 13. 



Kontrola anodoveho napeti. 

Stabilizace anodoveho napeti je nastavena tak, aby se pri 
zmene sft'oveho napeti o — 10% zmenilo anodove napeti 
nejvyse o ± 0,5 %. 

Protoze vlivem starnuti elektronek mohou nastat casern vet- 
si zmeny (a ty nepriznive ovlivni presnost na vyssich kmito- 
ctech), je zadouci obcas anodove napeti kontrolovat a pri- 
padne dostavit. Kontrola se provede prepnutim funkcniho pre- 
pinace B do polohy ..A" (na kteremkoliv rozsahu bez odpo- 
jovani mereneho napeti). Pristroj ma ukazat na cervenou ka- 
libracni znacku, jinak se vychylka dostavi potenciometrem A. 



tied voltage. Equalization of this dependence can be carried 
out only for certain voltages — in the millivoltmeter this is 
carried out for full-scale deflection of the meter. For smaller 
deflections, therefore, the frequency dependence of the ger- 
manium diodes becomes apparent and for more accurate 
measurements it is necessary to correct the results of measu- 
rements according to the diagram in Fig. 13. 

Checking of the anode voltage 

The stabilization of the anode voltage is set so that at mains 
voltage changes by — 10 % the anode voltage fluctuates by 
maximum ± 0.5 %. 

As in time ageing of the tubes can cause greater changes 
(and these can ddversely influence the accuracy at higher 
frequencies), it is recommended to check the anode voltage 
from time to time and if necessary adjust it. The checking is 
carried out by setting the performance switch B to the po- 
sition "A” (with any measuring range selected without dis- 
connecting the measured voltage). The needle of the meter 
must swing to the red calibration mark — otherwise the de- 
flection will have to be adjusted with the potentiometer A. 
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Diagram omezeni vnejsi reaktance s ohledem na kmitocet a 
chybu 1 % pro napet’ove rozsahy 1 — 300 mV. 
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Diagram showing the limitation of the external reactance 
with regard to the frequency and the error of 1 % for voltage 
ranges 1 - 300 mV. 
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Obr. 10 - Fig. 10 














Diagram omezeni vnejsi reaktance s ohledem na kmitocet a 
chybu 1 % pro napefove rozsahy 1 - 300 V. 




Diagram showing the limitation at the external reactance 
with regard to the frequency and the error of 1 % for voltage 
ranges 1 - 300 V. 
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Graf pro funkci kmitoctove zavislosti vychylky. 

Diagram of the frequency dependence of the meter deflections. 
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TECHNICKE UDAJE 



Mericf rozsahy: 1, 3, 10, 30, 100, 300 mV 

1, 3, 10, 30, 100, 300 V 

Kmitoctovy rozsah: 20 Hz — 3 MHz 

Chyba merenf: zakladnf ±1 °/ 0 z pine vychylky meridla 

±2% z merene hodnoty 

kmitoctova 40 H 2 — 1 MHz 

± 3 % z merene hodnoty 
20 Hz - 3 MHz 
± 4% z merene hodnoty 



Kolfsanf vychylky 
zmenou sft’oveho 
napetf : 



pri zmene sft’oveho napetf o ± 10 % ko- 
Ifsa vychylka do ± 3 % (bez prekalibro- 
vanf). Je-li prfstroj prekalibrovan, pak 
prfdavna chyba zpusobena zmenou sffo- 
veho napetf je mensf nez 1 % a je za- 
hrnuta v udajfch predchazejfcfho odstav- 
ce „Chyba merenf". 



Vstupnf odpor: do 0,1 MHz > 8 M£>; 

do 1 MHz >1MQ; 
do 3 MHz > 0,2 MQ 

Vstupnf kapacita : na rozsazfch 

1 az 300 mV < 30 pF] bez koaxialnfho 

1 az 300 V < 17 pFJ prfvodu 

1 az 300 mV < 75 pF] s koaxialnfm 

1 az 300 V < 62 pF j prfvodem 



TECHNICAL DATA 



Measuring ranges: 1, 3, 10, 30, 100, 300 mV, 

1, 3, 10, 30, 100, 300 V. 

Frequency coverage: 20 c/s to 3 Mc/s 

Accuracy of Basic error: ± 1 % of the full-scale 

measurements: deflection; ± 2 % of the measured 

value 

Frequency ± 3% of the measured value within 
error: the range 40 c/s to 1 Mc/s; 

d: 4 % the measured value within 
the range 20 c/s to 3 Mc/s 

Deflection fluctuations At mains voltage changes by —10% 
caused by mains the deflection fluctuates up to ±3°/q 

voltage changes: (without recalibration). 

If the instrument has been recali- 
brated, then the additional error cau- 
sed by mains voltage changes is less 
than 1% and is included in the data 
given in the previous item ''Accuracy 
of measurements". 



Input resistance : 



Input capacitance : 



> 8 Mohms up to 0.1 Mc/s 

> 1 Mohm up to 1 Mc/s 

> 0.2 Mohm up to 3 Mc/s 

< 30 pF within the range 
1 to 300 mV; 

< 17 pF within the range 
1 to 300 V. 



without 

coaxial 

cable 



< 75 pF within the range 
1 to 300 mV; 



< 62 pF within the range 
1 to 300 V. 



with 

coaxial 

cable 
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Pnstroj ve funkci ; 
sirokopasmoveho 

zesilovace: kmitoctovy rozsah: 20 Hz az 3 MHz 

zesileni: 500 X 

vystupni odpor: asi 650 Q 

kmitoctova zavislost: pri zatizem' vystup- 
nfch svorek kapacitou asi 40 pF je pokles 
na 3 MHz mensi nez 2 dB 

merice urovne rozsah: —70 az +50 dB. 

(dB-metru): 0 dB definovano jako vykort 1 mW na 

odporu 600 Q, 

Jine pouzitf: jako indikatoru nebo pomocneho zesilo- 

vace ize pnstroj pouzi'i do 6 M Hz. 

Osazem : 

elektronky: 1 X6F32, 5X6F32V, 1XEL84, 1X14TA31, 

1XAZ11 

variatory: 2XV255 - 12 - 18 V 

germaniove diody: 2X3NN41 

zarovky: 2 x2,5 V/0,075 A 

1X6 V/0,05 A 

Napajeni: 220/120 V ± 10%, 50 Hz 

Prikon : 65 VA 

listen f : tavnou pojistkou 0,4 A pro 220 V 

0,8 A pro 120 V 

Vnejsi rozmery: 350X260X195 mm 

Vaha: 9 kg 

Pred merenim je nutno nechat pnstroj 15 minut nazhavit. Prt- 
stroj men stfedni hodnotu napeti privedeneho na vstup. 
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Application 
of the instrument: 

Wide-band amplifier: Frequency range: 20 c/s to 3 Mc/s 

Amplification: 500 X 
Output resistance: Approx. 650 ohms 
Frequency dependence: with the out- 
put terminals loaded with a capaci- 
tance of approximately 40 pF, the 
drop is less than 2 dB at 3 Mc/s. 

Level meter (dB meter): Range: — 70 to + 50 dB. 

0 dB is determined as a power of 

1 mW across a resistor of 600 ohms. 

Further applications: The instrument can be used as an in- 

dicator or as an auxiliary amplifier 
up to 6 Mc/s. 

Complement: 

Tubes: 1 X6F32, 5X6F32V, 

1XEL84, 1 X14TA31 , 1XAZ11 

Barretters : 2 X V255 — 1 2 — 18V 

Germanium diodes: 2X3NN41 

Lamps: 2x2.5 V/0.075 A f 

1 X6 V/0.05 A 

Powering: 220 V or 120V ± 10%, 50 c/s 

Power consumption : 65 VA 

Protective devices : Fuse: 0.4 A for 220 V, or 

0.8 A for 120 V 

Overall dimensions: 350x260x195 mm 

Weight: 9 kg 

Before carrying out a measurement, it is essential to allow 
the instrument to heat up for 15 minutes. The instrument 
measures the mean value of the voltage fed to the input. 




LIST OF ELECTRICAL COMPONENTS 



Resistors 



1 

No. 


Type 


Value 


R1 


carbon layer 


10 MG 


R2 


carbon layer 


9.7 k£2 


R3 


carbon layer 


10 Q 


R4 


wire-wound 


16 £2 


R5 


carbon layer 


2.2 k£2 


R6 


carbon layer 


10 M£2 


R7 


carbon layer 


500 £2 


R8 


carbon layer 


3.2 k£2 


R9 


resistance strip 


20.23 £2 


RIO 


resistance strip 


4374.7 £2 


R11 


carbon layer 


8 k£2 


R12 


carbon layer 


20 £2 


R13 


carbon layer 


10 k£2 


R14 


carbon layer 


2 M£2 


R15 


carbon layer 


100 £2 


R16 


carbon layer 


10 Q. 


R17 


carbon layer 


6.4 k£2 


R18 


carbon layer 


25 k£2 


R19 


carbon layer 


500 k£2 


R20 


carbon layer 


4 k£2 



Max. load 



Tolerance 

±% 



Standard CSSR 



I I I 



0.1 W 


2 


WK 681 01 10M/C 


0.1 W 


1 


WK 681 01 9k7/D 






TR 110 10 


0.5 W 




TR 501 16 






TR 113 2k2 


0.1 W 


2 . 


WK 681 01 10M/C 


0.25 W 




TR 101 500 


0.25 W 




TR 101 3k2 




0.5 


1AF 679 28 




0.5 


1AF 679 24 


0.25 W 




TR 101 8k 


0.25 W 




TR 101 20 


0.1 W 




TR 111 10k 


0.25 W 




TR 101 2M 


0.25 W 




TR 101 100 


0.25 W 




TR 101 10 


0.5 W 




TR 102 6k4 


0.25 W 




TR 101 25k 


0.25 W 




TR 101 M5 


1 w 




TR 103 4k 
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No. 


Type 


Value 


R21 


carbon layer 


100 a 


R22 


carbon layer 


4 kft 


R23 


carbon layer 


100 ft 


R24 


carbon layer 


25 kft 


R25 


carbon layer 


500 kft 


R26 


carbon layer 


1 kft 


R27 


carbon layer 


100 ft 


R28 


carbon layer 


100 ft 


R29 


carbon layer 


2.5 kft 


R30 


carbon layer 


25 kft 


R31 


carbon layer 


500 kft 


R32 


carbon layer 


100 ft 


R33 


carbon layer 


6.4 kft 


R34 


carbon layer 


25 kft 


R35 


carbon layer 


250 ft 


R36 


carbon layer 


500 ft 


R37 


wire-wound 


64 Q 


R38 


carbon layer 


200 ft 


R39 


potentiometer 


64 ft 


R40 


carbon layer 


1 kft 


R41 


carbon layer 


200 k Q 


R42 


carbon layer 


200 kft 


R43 


carbon layer 


1 kft 
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Standard CSSR 



TR 


110 


too 


TR 


102 


4k 


TR 


101 


100 


TR 


101 


25k 


TR 


101 


M5 


TR 


103 


Ik 


TR 


110 


100 


TR 


101 


100 


TR 


102 


2k5 


TR 


101 


25k 


TR 


101 


M5 


TR 


110 


100 


TR 


102 


6k4 


TR 


101 


25k 


TR 


101 


250 


TR 


101 


500 


TR 


611 


64 


TR 


611 


200 


WN 694 01 64 


TR 


101 


Ik 


TR 


102 


M2 


TR 


102 


M2 


TR 


101 


Ik 











No, Type I Value 



w 



R44 carbon layer 820 kQ 

R45 carbon layer 100 kQ 

R46 carbon layer 50 kQ 

R47 carbon layer 100 k Q 

R48 wire-wound 64 Q 

R49 wire- wound I 32 Q 

R50 carbon layer 12.5 kQ 

R51 wire-wound 32 Q 

R52 carbon layer 100 kQ 

R53 potentiometer 100 kQ 

R54 carbon layer 40 k£2 

R55 potentiometer 1 kQ 

R56 wire-wound 6.4 kQ 

R57 wire-wound 16 Q 

R58 carbon layer 360 kQ 

R59 carbon layer 250 Q 

R60 carbon layer 125 Q 

R61 carbon layer 10 Q 

R62 carbon layer 250 Q 

R63 carbon layer 250 Q 

R64 potentiometer 500 Q 

R65 potentiometer 32 Q 

R66 potentiometer 32 Q 



Max. load 



Tolerance 

±% 



Standard CSSR 



0.5 W 


10 


TR 102 M82/A 


0.5 W 




TR 102 Ml 


0.5 W 




TR 102 50k 


0.5 W 




TR 102 Ml 


4 W 




TR 611 64 


1 W 


5 


TR 502 32/ B 


1 W 




TR 103 12k5 


1 W 


5 


TR 502 32/B 


0.5 W 




TR 102 Ml 


0.5 W 




WN 694 01 M1/N 


* 0.5 W 




TR 102 40k 


0.5 W 




WN 694 01 1 k/N 


2 W 


2 


TR 503 6k4/C 


0.5 W 




TR 501 16 


0.1 W 


1 


WK 681 01 M36/D 


0.25 W 




TR 101 250 


0.25 W 




TR 101 125 


0.25 W 




TR 101 10 


0.25 W 




TR 101 250 


0.25 W 




TR 101 250 


0.5 W 




WN 694 01 500/N 


0.5 W 




WN 690 01 32 


0.5 W 




WN 690 01 32 








No. 



Type 



Value 




R67 


carbon layer 


22 a 


R68 


carbon layer 


12 ft 


R68 


carbon layer 


33 £2 


R68 


carbon layer 


47 ft 


R69 


carbon layer 


10 a 


R70 


carbon layer 


io a 


R71 


resistance strip 


1385.3 a 


R72 


resistance strip 


437.6 a 


R73 


resistance strip 


138.4 a 


R74 


resistance strip 


43.77 a 


R75 


potentiometer 


680 a 


R76 


potentiometer 


470 a 


R77 


; 

wire-wound 


500 a 


R78 


wire-wound 


500 a 


R79 


carbon layer 


i ka 


R80 


carbon layer 


i ka 


R81 


potentiometer 


68 ka 



Max. load 



Tolerance 
± °/o 



Standard CSSR 



l 



1 w 
1 w 
0.1 w 
0.1 w 

0.2 W 



1 


TR 112 22 


10 


TR 112 12/A 
TR 112 33 
TR 112 47 
TR 110 10 

1 

TR 110 10 


0.5 


1AF 679 29 


0.5 


1AF 679 25 


0.5 


1AF 679 26 


0.5 


1AF 679 27 
WN 790 25 680 
WN 790 25 470 


2 


TR 502 500/C 


2 


TR 502 500/C 
TR 111 Ik 
TR 111 Ik 
WN 790 25 68k 







Capacitors: 



No. 


Type 


Value 


Cl 


paper 


10,000 pF 


C2 


trimmer 


6 pF 


C3 


mica 


5,000 pF 


C4 


paper 


1 0,000 pF 


C5 


MP box-type 


4^F 


C6 


electrolyt. 


50 ^F 


C7 


trimmer 


6 pF 


C8 


trimmer 


6 pF 


C9 


electrolyt. 


200 n? 


CIO 


electrolyt. 


50 fxF 


C11 


paper 


0.1 ^uF 


C12 


electrolyt. 


50 ,uF 


C13 


electrolyt. 


200 ,uF 


C14 


electrolyt. 


50 jjp 


C15 


paper 


0.1 (iF 


C16 


electrolyt. 


50 ,uF 


C17 


electrolyt, 


200 fiF 


C18 


electrolyt. 


50 pF 


C19 


electrolyt. 


50 fiF 


C20 


paper 


0.1 fiF 


C21 


electrolyt. 


100 pF 


C22 


electrolyt. 


100 ^F 


C23 


paper 


O 

Tl 



Max D. C. 
voltage 

1 ,000 V 




Tolerance 

±% 



5 



Standard CSSR 



TC 


155 


10k 


1AK 701 02 


WK 714 


31 5k/B 


TC 


152 


10k 


TC 


455 


4M 


TC 


595 


50M 


1AK 701 02 


1AK 701 02 


TC 


902 


200M 


TC 


595 


50M 


TC 


151 


Ml 


TC 


595 


50M 


TC 


902 


200M 


TC 


595 


50M 


TC 


151 


Ml 


TC 


595 


50M 


TC 


902 


200M 


TC 


595 


50M 


TC 


595 


50M 


TC 


151 


Ml 


TC 


528 


G1 


TC 


528 


G1 


TC 


120 


M4 









No. 


Type 


Value 


Max D. C. 
voltage 


Tolerance 

±% 


Standard CSSR 


C24 


trimmer 


30 pF 


■ 




PN 703 01 


C25 


paper 


10,000 pF 


200 V 




WK 723 28 1 0k 


C25 


paper 


1 5,000 pF 


160 V 




TC 120 15k 


C25 


paper 


22,000 pF 


160 V 




TC 120 22k 


C26 


paper 


10,000 pF 


200 V 




WK 723 2810k 


C27 


electrofyt. 


100^F 


12 V 




TC 903 100M 


C28 


MP box-type 


4 pf 


160 V 




TC 455 4M 


C29 


ceramic 


82 pF 


500 V 




TK 335 82 


C30 


paper 


10,000 pF 


160 V 




TC 120 10k 


C31 


paper 


1,000 pF 


200 V 




WK 723 29 Ik 


C32 


trimmer 


6 pF 






1AK 701 02 


C33 


trimmer 


6 pF 






1AK 701 02 


C34 


trimmer 


6 pF 






1AK 701 02 


C35 


ceramic 


47 pF 


500 V 




TK 335 47 


C36 


paper 


10,000 pF 


160 V 




TC 120 10k 


C37 


paper 


0,25 (iF 


160 V 




TC 120 M25 


C41 


ceramic 


6.8 pF 


500 V 




TK 211 6J8 


C42 


ceramic 


1 P F 


1 ,000 V 




TK 205 1 


C43 


paper 


6,800 pF 


400 V 




TC 122 6k8 


C43 


paper 


4,700 pF 


400 V 




TC 122 4k7 


C43 


paper 


3,300 pF 


400 V 




TC 122 3k3 


C43 


paper 


3,200 pF 


400 V 




TC 122 3k2 


C43 


paper 


1.000 pF 


400 V | 


TC 122 Ik 



N o t e : Ca = C29 or C35 
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Other electrical components: 



Component 


Value - Type 


Drawing No. 


■ 

Tube El, E2, E3, E4, E5 


6F32V (6F32) 




Tube E6 


EL84 (6L41) 




Tube E7 


6F32 




Tube E8 


1 4TA31 




Tube E9 


AZ11 


IAN 110 01 


Barretter El 0, Ell 


V255-12-18 




Germanium diode El 2, El 3 


3NN41 




Pilot lamp 


6V/0.05 A 


IAN 109 12 


2 Pilot lamps 


2.5 V/0.075 A 


IAN 109 18 


Measuring instrument 


500 /rA DHR8 


1AP 780 52 


Fuse cartridge Pi 


0.4 A/250 V for 220 V 


CSN 35 4731 


Fuse cartridge Pi 

i 


0.8 A/250 V for 1 20 V 


CSN 35 4731 



Note: The components marked IAN 



« * ■ 



are selected by the makers according to special instructions. 
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